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ABSTRACT

Aerodynamic characteristics were investigated for a 0. 355-scale
model of the Apache sounding rocket at Mach numbers 2 to 6. Free-
stream Reynolds number, based on model length, was varied between
6.5 x 106 and 23,9 x 106, and angle of attack varied from -5 to 15 deg.
The model was tested without fins at spin rates up to 4, 000 rpm and
with fins at cant angles of 0, -1, and +2 deg, which produced spin rates
ranging from about -3200 to 3200 rpm. Tests of the complete spinning
model showed significant changes in side loading with angle of attack,
Mach number, and Reynolds number. Tests of the model with and
without fins allowed a degree of accessment of the relative body and
fin Magnus contributions. Tests of the nonspinning model with and
without fins showed significant side loads attributed to steady asym-
metric leeward vortex patterns.
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SECTION |
INTRODUCTION

The Nike-Apache or Nike-Cajun (the Apache and Cajun are geo-
metrically similar) is a two-stage, solid-propellant, rocket vehicle,
jointly developed by NASA and University of Michigan as a meteoro-
logical sounding rocket system. These rocket systems have been
successfully used in free-flight investigations to measure atmospheric
densities, winds aloft, and to photograph hurricanes. These missions
were successful as long as the vehicle had a reasonable static margin
and flew zero lift and nonspinning trajectories. Some systems were
spun up during flizht either to satisfy payload requirements or for
range safety reascns, and some of these flights resulted in the Apache
vehicle experiencing angular motions which were unexpectedly large.
For example, some vehicles went unstable and coned through large
angles; others had their flights terminated abruptly because of struc-
tural fajlure. As a result of these flights, the roll characteristics of
the Apache were investigated and are reported in Ref. 1.

Personnel at the Air Force Armament Laboratory initiated this
tust program to obtain the Magnus characteristics of the Apache to
use in a six-degree-of-freedom stability analysis being done for them
Oy the Notre Dame Aerospace Department.

Fcrce data were obtained on the 0. 355-scale Apache model at
Mach numbers 2, 3, 4, 5, and 6 at Reynolds numbers (Rey) ranging
from 6.5 million to 23. 9 millicn. The angle-of-attack range was from
-5 to 15 deg. The model was tested with and without fins, and the spin
rate varicd between 0 and approximately 4, CO0 rpm.

SECTION 1l
APPARATUS AND ¢ <OCEDURE

2.1 WIND TUNNEL

Tunnel A is a continuous, closed-circuit, varfable density wind
tunnel ~ith an automatically driven {lexible-plate-type nozzle and o
40- by 30+in, test section,  The tunnel can be operated at Mach nom-~
bera from 1.5 to 6 ot maximum stagnation pressures from 29 te 200 psia,
respectively, and atagnation temperatures up te 750°8 (Mg = 6), Mini-
mum operating ptresautres range from aboul one=tenth o one~twentieth of
the maximum at each Mach number,
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2.2 MODEL

The 0. 355-scaie Apache model (Fig. 1, Appendix I) was designed
and built at the von Karman Gas Dynamics Facility (VKF) and is essen-
tially an ogive-cylinder with cruciform 53-deg swept fins mounted at
the model base and has a fineness ratio of 24.88. Model details are
given in Fig. 2,

The model was mounted on two ball bearings with their inner races
fixed to an inner shell that was attached to the balance forward taper.
The model was tested with and without the fins. The model spin rates
for the fins-on were obtained by canting the fins at angles of 0, -1, and
+2 deg. The model spin rates for the no-fin configuration were obtained
by directing jets of nitrogen on the model base which was machined with
small slanted cups for spinning. All model configurations were dynam-
ically balanced at the VKF.

2.3 FORCE BALANCE

The VKF four-component balance shown in Fig. 3 was used for the
tests. The small outrigger side beams of the balance, with semicon-
ductor strain gages, were used to obtain the sensitivity required to
accurately measure small side loads while maintaining adequate balance
stiffness for the larger pitch loads. When a yawing moment is imposed
on the balance, secondary bending moments are induced in the side
beams. Thus, the outrigger beams act as mechanical amplifiers, and
a normal-force to side-force capacity ratio of 20 was achieved for a
500-1b normal-force loading. Before the tests, a range of static loads
was applied to the balance to simulate the model loads anticipated
during testing. All balance components were loaded simultaneously,
and a range of uncertainties in measurement was determined from the
differences between the applied loadings and the values calculaied by
the balance calibration equations used in the final data reduction. Listed
below are the ranges of static loads applied and the corresponding un-~
certainties for the balance components loaded singly and simultaneously:

Balance Range of Range of
Component Static Loadings Uncertainties
Normal Force, 1lb 25 - 200 0.7-0.7
Pitching Moment, in. -1b 250 - 1000 4 - 4
Side Force, 1lb 1 -6 B 0.013 - 0.015
Yawing Moment, in. -1b 3 -24 0.035 - 0.10
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2.4 TEST PROCEDURE AND CONDITIONS

For the zero spin data, the model was locked (¢ = 0) by pinning the
outside shell of the model to the fixed inner shell. When the model was
tested with the canted fins, it was allowed to free spin at its steady-
state value. Up to five data points were taken ai each angle of attack
when the model was spinning, whereas two or three data points were
usually taken with the model locked (zero spin). The numerous data
points were taken to average the scatter encountered because of model
vibration and the small magnitude of the side forces.

For the no-fin spin data, the model was prespun by two nitrogen
jets acting on machined cups in the model base. When the desired speed
(approximately 4, 000 rpm) was reached, the nitrogen supply was cut off,
and data were recorded as the model spin rate decayed. Model spin !
rates were monitored using a photo cell-diode tachometer mounted in-
side the model.

The tunnel and test conditions are listed in Table I, Appendix II.

SECTION 11l
RESULTS AND DISCUSSION

Spinning canted fin models are normally subject to Magnus effects
primarily caused by the body, blanketing of the leeside fin, and the
couple created by the axial components of the normal forces on the fins.
Explanations of these different types of Magnus effects are found in
Refs. 2, 3, 4, and 5. Both the body Magnus force and canted fin
blanketing Magnus force produce negative side forces for positive spin
direction and angles of attack. The couple created by the axial com-
ponents of the normal forces on the fins produces a negative yawing
moment for positive spin direction and angle of attack.

In 1966, a wind tunnel program investigating the Magnus effects on
the Tomahawk vehicle was conducted. The Tomahawk is a 23. 3 fineness
ratio sounding rocket with cruciform fins and is very similar to the
Apache vehicle of this investigation. In the Tomahawk program, it was
de: ‘rmined that, as the angle of attack was increased, the leeward wake
bec .me characterized by a steady asymmetric vortex shape that pro-
duced side forces and moments on the model for the no-spin condition.
Also, it was found that the asymmetric leeward wake could cause the
side force and moment curves for opposite directions of spin not to be
mirror images with variation in angle of attack. In the Tomahawk tests,
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the asymmetric wake effects were thoroughly investigated, and the com-
plete results are presented in Ref. 2 along with the findings of other in-
vestigators pertaining to asymmetric wake effects. Since the Apache
model of the current tests is so similar to the Tomahawk, similar
trends in the data were expected.

As discussed earlier in Section 2.4, up to five data points were
taken at each angle of attack to minimize extraneous points. All of the
data points were plotted, and a weighted fairing was made through the
data. The weighted data are presented in this report.

In Fig. 4, the variations in the side-force coefficient, Cy, and
yawing-moment coefficient, Cp, with angle of attack for the zero spin
condition, fins-on at zero cant angle (6§ = 0, M, = 2 through 6), and
fins-off (M, = 3, 4, and 5) are presented for each of the Reynolds num-
bers tested. The data indicate the presence of the asymmetric vortex
pattern mentioned earlier and discussed in detail in Ref. 2. The data
indicate that the magnitude of the effect of the asymmetric vortex pat-
tern was reduced at the higher Mach numbers and also was lower at the
higher Reynolds numbers for any one Mach number. This reduction
with Mach number was also noted by Cwen (Ref. 6) and by Uselton
(Ref. 2),

The variations of spin rate, p, and spin parameter, pd/2V_, with
angle of attack are given in Figs. 5 and 6, respectively, for the various
fin cant angles and Mach numbers. There was no notable change in the
spin rate between the Reynolds numbers at any one Mach number; and,
therefore, only one set of data at each Mach number is presented.
Throughout the report the data obtained with the model spinning will be
identified by the fin cant angle, and the reader may refer to Fig. 5 to
determine the spin rate. The spin rate was near constant over the
angle-of-attack range tested for most of the configurations, and no
analysis of any of the small variations was attempted since no attempt
was made to monitor the bearing friction or to hold it constant.

In Fig. 7, the variations of Cy and Cp with angle of attack are pre-
sented for fin cant angles of 0, -1, -2, and 2 deg at M, = 3, 4, and 5.
There are several interesting points to be noted in these data. First,
the data (6 = 2 and -2 deg) are very symmetric about the ¢ axis at the
lower angles of attack. At the higher angles of attack where the zero
spin data are affected by the asymmetric vortex pattern, the spin data
in some cases are not symmetric for the two different spin directions.
This is especially apparent in the Mg = 3 yawing-moment data (Fig. 7a)
where the data are symmetric to approximately a = 6 deg, and then the
-2-deg canted fin data breaks downward in a similar manner to the
+2~-deg data.
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A second notable characteristic of these data is the nonlinearity
exhibited in the yawing-moment curve at M, = 4.01, Rez = 10 x 106 at
the low angles of attack (a = +3 deg). The sharp slope reversal is well
defined and symmetrical for positive and negative angles of attack for
both spin directions. This effect is also present, but not as pronounced,
in the M_ = 2.99, Reg = 15.4 x 106 and M, = 5.04, Reg = 11.9 x 106
data. Since on a free-spinning canted fin model the Magnus force or
moment from the fins could cause a nonlinearity at the lower angles of
attack (Refs. 2 and 3), one might suspect this to have been the cause of
the slope reversal in the data. However, it will be shown later that
this effect was not dependent on the fins.

Another interesting feature of the data in Fig. 7 is the sign change
in the yawing moment between Mg, = 5 and 3. The data show, for
example, a positive Cp for & = +2 deg at Mg, * 5 (Fig. 7c) and a nega-
tive Cp for & = +2 deg at M, * 3 (Fig. 7a). This effcct was possibly
caused by the fin normal-force couple and/or the body Magnus force
(with its more forward center-of-pressurce location) becoming more
dominant at the lower Mach numbers.

The spin effccts can be seen more ciecarly in Fig. 8 where the
variations of &Cy/2 and ACp/2 with angle of attack are prescnted for
Mg = 3, 4, and 5. The local slope reversals in the yawing-moment
coefficient curve at Mg = 4.01, Req = 10 x 108, and M, s 3, previousiy
discussed, arc casily scen. Also, the doata show the sign change in the
slope of the yvawing-moment coefficient curve between Mg = 3 and 4.
The Reynolds number effect is more pronounced at Mg = 5.

The effects of the fins on the side-force and yawing-moment varia-
tions with angle of attack for the spinning model are shown in Fig. 9.
The data for the no-fin model are presented at a spin rate equivalent
to that for the fins-on configuration at 82 -1 and -2 deg. The data are
presented for M, = 3, 4, and 5. The fin effects are different for the
three different Mach numbers. At M_ =z 4, the data for the {ins-on and
fins -off conditions are similar and, thus, indicate that the body Magnus
force is predominant. Also, since the spin rate is negative, the body
Magnus force and canted fin Magnus {orce (from blanketing the leeside
fin, Refs. 2 and 3) should be positive, which the data show.

The M, = 5 data of Fig. 9 also show the currect direction for the
Magnus force. However, the magnitude of the no-fin data is low com-
pared to that of the fins-on data, thus indicating at M, = 5 that the body
Magnus force 1s low. The {in Magnus {orce caused by bianxeting the
leeside fin (Refs. 2 and 3) will first increase with angle of attack and
then decrease back toward zero. The leeward {in should be enclosed
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by the wake at a relatively low angle (@ < 10 deg). Since the data a'f
M, = 5 indicate that the classical body Magnus force was low and since
the force from the leeside fin, being blanketed, should approa'ch zero.
at @ = 10 deg, the fin data, because of the cunitinued increase in magni-
tude with angle of attack, indicate another type of Magnus force. This
continued increase in the side force and moment is believed to have
been caused by the interaction of the fins with the body vortex system.

At M, = 3 (Fig. 9), the data indicate both body and fin Magnus
force and moment contributions. The substantial differences in the
yawing moment, while the side force trends are similar, suggest
strongly the importance of the moment created by the axial components
of the fin normal forces since this effect produces only a yawing couple
and no side force.

As discussed earlier and shown in Fig. 7, the M, = 4.01,
Rep = 10 x 106 data show a sharp slope reversal occurred at @ =13 deg.
The suspicion that this was caused by the blanketing of the leeside fin
is proved incorrect since the data of Fig. 9 show that a similar trend
exists for the no-fin configuration.

The variations of Cy and Cp with spin rate for the fins-off configu-
ration are shown in Fig. i0 for M, = 3, 4, and 5. Since these data are
for the body alone, they indicate solely the body Magnus force and
moment. The data show a decrease in the body Magnus force with in-
creasing Mach number; and at M, = 5, as noted earlier in Fig. 9, the
body Magnus force and moment is small. The data indicate an increase
in the dependence of the coefficients on rpm (p = 1500 to 4000 rpm) as
the angle of attack is increased up to the higher angles. At the higher
angles, the data show almost no dependence on the rpm. To understand
this phenomenon, one must consider the zero spin data which show side
forces and moments at the higher angles caused by the asymmetry of
the leeside flow pattern. At the higher angles of attack, the leeward
wake becomes asymmetric for vehicles of this type (high fineness ratio)
regardless of spin rate. Therefore, at these higher angles of attack,
the spin will influence the direction of the leeside wake asymmetry, but
will not greatly affect the amount.

The variations of the normal-force and pitching-moment coefficients
with angle of attack are presented in Fig. 11 for the fins-on configura-
tion and in Fig. 12 for the fins-off configuration. The data are shown
only for the zero canted fine to maintain clarity since it has been re-
ported previously (Refs. 2, 7, and 8) and substantiated by the data ob-
tained in this test that there is no discernible effect of spin on the
normal force and-pitching moment for the spin rates of the magnitudes
of this test.
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The fins-on data (Fig. 11) show the normal force and restoring

moment to decrease with increasing Mach number. A theoretical

9.

10.

calculation of Cyy and Cyy, using the method of Allen and Perkins
(Ref. 9) for the body and an equivalent two-dimensional analysis (Ref. 10)
on the fins, is included with the data. The theory is seen to be particu-

larly good at the lower angles of attack.

REFERENCES

Falanga, Ralph A. "'Supersonic Investigation of a Spinning and Non-
spinning Model of a Cajun {or Apache) Rocket Vehicle with Roll-
Control Tabs." NASA TN D-2576, January 1965.

Uselton, J. C. "Investigation of the Magnus Effects and the Effects
of Unsymmetrical Leeward Vortex Patterns on a High Fineness
Ratio Model at Mach Numbers 3 and 5." University of Tennessee,
Master of Science Thesis, August 1966.

Platou, Anders S. '"'Magnus Characteristics of Finned and Nonfinned
Projectiles.”" AIAA Journal, Vol. 3, No. 1, January 1965,
" pp. 83-90.

Platou, Anders S. "The Magnus Force on a Finned Body." BRL
Report 1193, March 1963.

Benton, Edward R. ''Supersonic Magnus Effect on a Finned Missile. "
AIAA Journal, Vol. 2, No. 1, January 1964, pp. 153-155,

Gowen, Forrest E. "Buffeting of a Vertical Tail on an Inclined
Body at Supersonic Mach Numbers."” NACA RM A53A09,
March 1953,

Platou, Anders S. "The Magnus Force on a Short Body at Super-
sonic Speeds.” BRL Report 1062 (AD 212064), January 1959,

DeGrafft, William E. "Wind Tunnel Investigation of the Forces and
Moments Acting on a Cruciform Finned Model with Fixed and
Freely Spinning Tail Assemblies at a Mach Number of 2.0."
NOL-TR-63-79, April 1963. '

Allen, H. Julian and Perkins, Edward W. "Characteristics of Flow
over Inclined Bodies of Revolution." NACA RM AS50LO07,
March 1951.

Shapiro, Ascher H. The Dynamics and Thermodynamics of Com-
pressible Fluid Flow, Vol. II. Ronald Press Company,
New York, 1954,

-3



APPENDIXES
ILLUSTRATIONS
TABLE

AEDC-TR.69-57




AEDC.TR.4%.87

L i e el tae o SN

;Tn

89-28F11
a1y

Free—— v 1ax - -

Y |suwa] ul pe|imgIN] [P OJU} o -._E?w—e.—n— (IRLIF]

-

T e o T L i T TR TR SRR A I P S BU R PN RS Ve up oy |

[ %

11

e e e ————— g




s|ioie(] (spoW 7 814

pai1oN sg 1doaxa

Soyouf Ul suUOITSUOEIg [TV
ZTUt 1617 = vody ERITHR B B! )

99L°6¥ Uy QI Z = Widuog ooudsad oy
| BSY 6F
B aLEIS 65C 0
, _an LY166 2¥
, i sar - 000" 9 00070
A < AR
W | 6¥e LT paL 9l uotiels

_
_
]
— | (FEPS 0) 22Uadajol JUowOR @ 00N
)
:
_
:
_
:
)

. ‘
| u — — —— — _
, 68G¢ 2-|—* -y

Tyziz 61

_ a18uy 1ue) uTq ‘g4 * * I
weld 00072 we g 0RO T t Y11’ -
L (-os0qe SITEIAp U] 9a8) ) o L _ p —
=erd pooedg A11enbjy sulg anog Aop 072 '0°2- ‘01— 0

, 0o1£° 2 cp18al sa1duy jue) UT4
| dyreleq uld
HUOT}IP1TG PATITEO]

! aots doL 08070 HOBO 0 —
' |
W 0 - |ﬁl
, AITA IS EBY gerTP ’
W . e 19k 9
% , - ?U+
, d+
| N ~ BES € oFS
T - t+ a
, 2 I+
-
+

L
T

AED




s[10j8(] edounjog ¢ Big

AEDC.TR.gY.8?

f, " e .
(. anpuoITWwHg) B
| soden yusmog-utme § T

f.;u::w L
yomog-=urgo g

[PUUR - e R b & A G dn huidmal 4 an e aed O U S P TV T R VRO R o 3 bt e




AEDC.TR+69.57

ot
s
T

0.6 | Mg * 2.9
ok Rey + 15.4% 10°
0.08 -

0.04 -

0
o.0}- UW\D\’\:

-0.08 -

-0.12
-0.16 . . L .

0.02 O Fins, 8§ =0

¢y 0 ——o"mwé-T-o-omw a NoFins
-0. 2 1 1 L !

0.12 y i

0.08 Mg = 2.9
Rey = 10.0x 160

0.20 Mg = 2.00
Rey = 6.5x 100

-0.20
(Note Scale Change)
-0.40 1 L
-8 -4 0 4 8 12 16
a, deg

a, M.,o = 2 Oﬂd 3 )
Fig. 4 Variations of Cy and C, withafor p = 0, Fins-On (§ = 0) and Fins-Off

14




e
r
T

G.20

0.16 |-

0.12

1
o—

0.08

I

C, 0.04

1
-8 -4 0 4 8 12 1
u, deg

b. Moo = 4
Fig. 4 Continued

AEDC-TR.69.57

My = 4.03
Rey = 2.9x 10

O Fins, §=0
O NoFins

Mg = 4.01
22}
Re, = 10.0x 100




AEDC.TR.6%9.57

0.04

0.02

-0.@
-0.04

0.08
0.04

-0.04
0.04
0.0

-0.0
0.08
0.04

-0.04
-0.08
-0.12

0.2

-0.0R
-0.04

0.16

|

T

¢. Moo -~ 50nd 6
Fig. 4 Concluded

My = 5.94
Rey » 12.9x 1%

Mg * 5.06
Rey = 2.9x 160

OFins, §+0
QO No Fins

Mg, * 5.04
Rey » 11.9x 100




ALDC.TR-48.37

-12

-16

AAAARR R LT EEER 224 44y

33049599099 PpPPPFPLAD

1 1 1 1

-4 0 4 8 12 16
a, deg
Fig. 6 VYariation of Spin Parameter (pd/2V,) with ¢

18

8-20m



s
7N,
ane S \
ey s
G / B o
\W" Vg I®
a0 Ne, - 1.0 o
PR . ) e 5
H &
f oy
% JE N
ooe} 2 K i
A B y
S el e
\‘ r ty A ‘." * *J
Cp ob——- __M [ \\ . - Y. s
TF N, T
7 } ‘ ™, & 2 o2
oonf- 4 i V
E
| ‘ i
R .2 n ¢ . 12 »
[ -
a. M, - 3

Fig. 7 Variations of Cy and C, with g for - 0, -1, -2, ond 2 deg

AEDC.TR.49.57



0.08
MQ’?.W
Rt,-b.d-l@
0.1
.08}
S 8
“ i o
a4
a -2
0.8} LA
Q.16 - =
-8 4 4} [} ] 12 113
g, de
a. M:.D = 3

Fig. 7 Variations of Cy and C,, withc for § = 0, -1, -2, ond 2 deg

19

AEDC.TR.69.57



AEDC.TR.69.537

LR § ]
k4
am L .y,-,"liol’
0 Mg e L4y
M Q ¢
) & 1
-] ?
3 H
0. 09, vy a0l
(RN Y13 4
b j\
e
0.on} %}éw E
0»—-—-3’.{_

-0.08

L

RURL]

b. M, - 4
Fig. 7 Continved

20




0.0#

0.16

0.08

-0.16

-0.32 1 L L .

0.08

0.04 1~

0.08 -

-0.16

T

-0.24
-8

a, deqg
C. Mm = 5
Fig. 7 Concluded

21

Mg = 5.06
Re, - 23.9x 107

Ssym 3, deg
e} 0
A -1
] -2
¢ 2

Mg = 5.04
Rey - 11.9x 108

AEDC.TR.69-57



AEDC.TR.469.57

~6
sym Reyx10
(o] 15.4
[ay 10.0
0.02
0 M\
ACy
2 -0.04f
-0, 08 | 1 i |
0.08 a
8y
2
-0.08 |-
-0.16 1 | 1 L
-8 -4 0 4 8 12 16
a, deg
a, Mw = 3

Fig. 8 Variation of ACy/2 and AC,/2 with g for § = 2 deg

22




0.04
ACy 0
2
-0.04
0.24
0.16
%n 0.
2
0
-0.08
0.04
0
ACy
2
-0.04
-0.08
0.16
0.08
ac,
? 0

-0.08

P
T
-4 0 4 8 n
o, dm
b, M, dand 5
Fig. 8 Concluded

16

OUDOE

&

& faann

AEDC.TR.69.57

Reyx 10°¢
06 2.9
04 1.9
03 23.9
0l 10.0




AEDC.TR.69.57

0.04
Cy 0
-0.04 - ' : '
0.08
0 e a———— -— ————
Ch
-0.08 |- .
_| | 1 }
0.08 Sym Fins  rpm
O -ldeg -1325
Ao Off -1325
0.04 - D -2deg  -2100
0 Oft ~2700
Cy
0
'D.M } L Il {
0.08
0 ——
Ch
-0.08 I~
-0.16 [~
_) } 1 1
-8 -4 0 4 8 12 16
a, deg

0. Mo = 3, Rey = 154 x 106
Fig. 9 Effects of Fins on the Cy and C, Variations with q

24




-0.08

-0.16

[=3

b. M. - 4 Re; - 23.9 . 10°
Fig. 9 Continued

ATD

T

E.g3.8Y

Lt v




L]

DCTR.$5.57

-.375
-1375
<2500
- 00

-0.08 i \x:v/ _Nj:a\ﬁ ’

€. M, - 4 Re; - 10.0 . 10°¢
Fig. 9 Contirued




R
AEDC.TR.69.57
¢, 0.02 |
7 0 ==
-0.02 L= L L L !
0 L\\A
cn
-0.08 |
-0.16 — L L ! Sym Fins  rpm
O -ldeg -1475
& off -1475
O  -2deg  -3150
0.04 | O off -3150
Cy
0
| | L
: V\%‘T
-0.08 |
Cn
-0.16 |
: -0.24
) ] | {
-8 -4 0 4 8 12 16

a, deg

d. My = 5 Rep = 23.9 « 106
r Fig. 9 Concluded

27




uonpinBiyuoy J30-sulg ayi 10y d Yyum Yo pup An jo uoyouop qf ‘B4
90l X ¥°GL = d3y ‘e = W '°

@pzmd Dpz/pd
20°0- 10°0- 0 20°0- 10°0- 0
| o I 1 1 | Al
wdi .N-E xd wd) .N-S xd
05~ ov- 0¢- 0Z- o1- 0 0s- oy- 0t~ 02- ot- 0

\v\\ﬁ 0
- 20
A
u, Ayurzo )
o Z0-
¢ |_ a
_Tvllﬂlarlnluw'{:l 40
0°vt b Bt & Syt b “_P
8-l 4 -
9°6 <
vl Fay
A4 0
~ 't (]
g 0 o
K Bop 0 whs
g
v
[«
w
< ; 0
¥
3
:

28



panuyuoy g *Biy
o0l % 0701 = 334 v = "W 9

AEDC.TR-69-57

Dpz/pd Dpzipd
0°0- 10°0- 0 €0°0- 10°0- 0
 p— T 1 T T =
wdi .N-S xd wdJ .N-S xd
05- oy - 0t - ne- 01- 0 05~ op- 0c- 02- 01- 0
ki I 1 * 1 ! 1 T —
000
II|[|0IOIOIQIQIO|OIQ6||||IGQ —_ 0. 00000000 — — —— 0
Q 000
\\L&o g Vg PP Ly - — — I 0
IQb.blu.h.éh.hhd\Q\ |
5 %%lll\\,%o
o 0

<
Z
loe
~ 3
o
(=]
UC
X
| >
‘ (&)
\ €
Saa ™
4L
o

0°s o
; S WM W V\QFF\V;V\% 40
UARANA s YR o bty
o= T “M m_ 10
|“o o% M OQV|Av|Av|b|AYAYb|b..O‘lIIl+
1o Bep o WAS




AEDC.TR-69.57

panunuoy (f .m..&
g0l = 6°€C = Joy 'y = > >

a2 ©pzipd
P00~ 10°0- 0 A°0- 10°0- 0
T ) T T 1
wd) 2.01 xd wdJ 201 xd
05- ow- ot - 02 - o1- (4] 0s- oy~ 0¢ - 0Z- 01- 0
T T t 1 J— ! B 1
o ] !
—O—O—- 0000000~ - — — |I|P|O|O|0..O.IOIO|O|0.O..Q.III
o 0 5 .A_v
d-qqllnl.lnlrnqulildtllllloc gj’q%?i-l\\l\\&c
[ I
PP:OGIOIOIDIOlO.O:Ou!IIIJ.ﬁ_c A0
o-o—0f—0—0—0-0-0-0-0— -7 |
5 }0°0 \\wc
RTSU o\Qbé\c\o\o\o\qd\?J .c_s.o\\.wo
S \\\
: A0
K u, - ;..\xv
%3 urv00 w00 -
~N
///du y 40
N 611 fvd -
N o te o %\.ov\v\w\.v\v\? Ho
bbbt N Y 1 o
2o €5 0
R o 5 ——"
1T v Byt 0
0 o
0 bep o Wis

30




AEDC.TR.89.57

pepnjauo) (| 14
g0l > 6'€T = %Y ‘G = "W °p

@
A
Pzt .i :
- 0 200~ 10°0-
gdu L L { L
! . _ wd) .N-S:_

o 2 05-  Ov-  0¢- 0z- 0r- 0

o6-  Ov-  06- " 0= O- 0 : L
L] LS 14 ] — _ |I&o

llllllll Lvo 0—0-0—0-0-00000—— — — — = — — _

o—00=0~0-0- 0Oy~
ndoo%iubuﬁnnnlin%o HU.oOoonnbauDHunmllllm_uo
0 —_——

glll 0 ??3%@%33?08%' 0
s ——-% A

§ 0 u“ A Rw@.PDIDDB-%>o -
N oo - 0

oo.o.oogaoqooguallnm ’ e o 0rO—0-0-0-0-00000C0RA0- 41_v
Yo ungo MM— M Iglilq.?glll - 0
ch. H%o Vi A P

- - €< O L

v | tc o . g U S 0 -4

n © !

5 -~ 0 o |

31




AEDC-TR.89.57

Theory
Cn Refs. 9 and 10
8.0 I-
0
Mg
2
3
4(mww
-8.0 - T 6 s‘xRefs. 9and 10
Cm 5,
O
-16.0 |- + B
=24.0 [ T
v v
-32.0 ' 1 S
-4 0 4 8 12 16

Fig. 11 Cy and C, Yariotions with a for Fins-On (5 - 0)

32




AEDC.TR.69.57

a, deg

Fig. 12 Cy and C_, Variations with o for Fins-Off
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